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BEX - DK*
Why measure y from trees?
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Constraints on the CKM unitarity triangle due to measurements of (left) tree-level and (right) loop
processes. As new physics may enter into loop processes, a disagreement between these two sets of

measurements would be a strong sign of new physics.

CKMfitter, FPCP 13
y = (68.0182)°

UTfit, Pre-Moriond 13 b

VUS

y = (70.8 + 7.8)°

These values already include some of the u
following results.
15/08/2013
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B¥ - DK*
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GLW, ADS and GGSZ

P Ll

B+ ( KK* )DK+

, mm
rBel(SB'i'y)

DOK+)

Gronau, London, Wyler

Phys. Lett. B 265 (1991) 172
D decays into CP eigenstates such as
K*K-orm*m™

P
+ K -+
B ( K‘n*n’rt*)
rBe l(‘SB +Y)

DK™

> 4

Atwood, Dunietz, Soni

Phys. Rev. Lett. 78 (1997) 3257

Suppression in D decay to quasi-flavour-specific
states reversed to give larger interference

Giri, Grossman, Soffer, Zupan
Phys. Rev. D68 (2003) 054018

3-body self-conjugate decays: D —» K2h*h™ (h = m,K)

Exploits interference in the Dalitz plot
Strong phase, §p, varies across the Dalitz plot
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2 body GLW (1fb)
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2 body ADS (1fbt)
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2 body GLW/ADS observables

1+ (rgrf)z + 2rKr; cos(6K — &¢) cosy + M¥ + M¥

1+ (rgrf)z + 21715 cos(8% — &¢) cosy + MT + MT ’
14+ ()2 + 2rf cosé& cosy

cab 1 4 (75)2 + 217 coséT cosy

3 K/t ratios:

Rf r(B~ - D[- fIK) +T(B* - D[- f]K*) _ Rcab f=Kn

K/ r(B- - D[_> f]n;_) + F(B"‘ N D[—> f]ﬂ,'"') =

R

f =nn, KK

6 Charge asymmetries:
211y sin(8f — &7) siny + MP — M}

_ , f=Km
5 (B~ > D[>flh7) - r(B* - D[ f|n*) 1+ (ré’rf)z + 21ftry cos(8 — 6f) cosy + MM + M}
h= TR Z = = ) .

['(B~ - D[~ flh-) + T(B* - D[- f]nt) 21 sin 62 siny +A[C,;f‘ £ = m KK

1+ (rél)z + 21 cosSf cosy

4 Knt suppressed mode ratios:

, (B> D[fsupln*) 17+ (£)” + 2rfiny cos(6k — 8 £v) — [m2]
"7 (B* - D[f]h%)

13 observables

_ sup
1+ (ré’rf)z + 211y cos(8% — 8 £ y) cosy + M}

, f=K*n~,fsup=1"K"

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 6



THE UNIVERSTTY ‘OF

BT —» DhT WARWICK
2 body GLW/ADS observables

i} Rep 1+ (rgrf)z + 2r&r; cos(6K — &¢) cosy/+ M¥ + M¥
RS (B~ - D[> flIK) +I(B* - D[> {]KJF) _ Pt (rgrf)z + 2171y cos(8% — &¢) cosy &t MT + MT ’
KT T(B~ - D[> fln™) + T(B* - D[~ f]z*) 1+ (r%)? + 2rK cosé6X cosy

R )
cab 1 4 (75)2 + 217 cosd T cosy

3 K/t ratios:

f=Km

f =nn, KK

6 charge asymmetries:

Zrélrf sin(é‘g - 6f) sin@ fok
=Kn
_I(B~->D[>fln)-T(B*>D[>fln*) |1+ (ré’rf)z + 217y cos(8 — 6f) cos@
" I'(B~ - D[> flh") +T(B* - D[~ f]ht) 21 sin 8% siny

1+ (rél)z + 21 cosSf cosy

A}
+Alg;f, f =nn, KK

D° mixing terms included — important for B¥ - Dr®
4 Knt suppressed mode ratios:

(5 olsuplt®) 7+ 1)+ 2y colod 8y £l

" (B - DIflh%) _1+(rhr )2+2rhr h _ h
BTF B fcos(SB Sfiy) cosy(+ M
13 observables D

f=K*tn~,fsup =7 K"~

M} = (Kfrf <(r£)2 - 1) sin 8 + (1 — r?) sin(6f + y)) apxp — (Kfrf ((r]g)z + 1) cos 8¢ + (1 + 1) cos(6f + )/)) apyYp

[Mil]sup = (;cfrf ((r,?)z - 1) sin 65 + r,_f}(l - rfz) sin(6§ + y)) apxp + (KfT‘f ((rg)z + 1) cos &y + rg(l + rfz) cos(SS + )/)) apyp
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4 body (K3m) ADS observables

1 K/ ratio:
s _T(B -D[>fIK)+T(B* > D[->flK*) 1+ (rgrf)2 + 2rKrsi cos(6K — ;) cosy + MK + MK

= =R
Km = T(B~ - D[> fln™) + T(B* - D[ f|n*) cab’y + (rgrf)z + 2rfreKy cos(SF — 8f) cosy + MT + M7

2 charge asymmetries:
o I'(B~ - D[- flh™) — F(B+ - D[ _]h"’) B 2r£‘rflcf sin(é‘g - 6f) siny + M — MP

- f
" T(B~ = D[> flh7) +T(B* - D[ fln*) 1+ (ré‘rf)z + 2rf e cos(8f — 87) cosy + MM + M

4 Kt suppressed mode ratios:
2
(Bt - D[fsup]hi) _ rfz +(rd)" + 2rfireKs cos(8% — O Y) - [Mj—fl]sup
(Bt - D[f]n%) 1+ (ré‘rf)z + 2rfrrKy cos(8% — O y) cosy + M:

Ry =

7 observables

M} = (Kfrf ((r,?)z - 1) sin &5 + rh(1 - rfz) sin(6 + y)) apXp — (Kfrf ((rél)z + 1) cos by + ri(1+ rfz) cos(S5k + y)) apyp

[Mil]sup = (;cfrf ((r,?)z - 1) sin 65 + r,_f}(l - rfz) sin((?g + y)) apxp + (KfT‘f ((rg)z + 1) cos &y + r,?(l + rfz) cos(SS + y)) apyp
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GGSZ observables

Parameters extracted from a fit to the Dalitz plot where the population of each bin is given by:
Ni; = hB+[K$i + (xf + yP)Ky; + ZMOHCii + 3’+Sii)]
Ni; = hg-[Kyi + (22 + y2)Kg; + 2 KK (x_cyp + y_si)]
K, is the efficiency corrected yield in bin *i due to DP flavour tagged candidates from BaBar.
Phys. Rev. D 78, 034023 (2008), Phys. Rev. Lett. 105, 121801 (2010)

c+; and s; are the cosine and sine of the strong phase, 6p, in bin i from CLEO-c.
Phys. Rev. D 82, 112006 (2010)

Binned fit — model independent 4 observables (Nii) per pair of bins

4 Cartesian parameters:

(GeV¥c?Y)
(-]

N g < g
: £ O F
x4 =1rgcos(dp T y) e - W S £
. ' 6 .
y+ = 15 sin(6p £ y) 2} ::
- L 5 -
. . 1 5i— ‘ 4 14
2 normalisation factors : , 13
hp+ T e\ . I
H osL( L — 1
4 CarteSIan paramEterS U.SI 1 1.5 2 2.5 11 1.1 1.2 1.3 14 15 16 1.7 1.8
use d f or v mg, . (GeV?/c?) mZy,. (GeV?ic?)

Bins chosen for (left) D = Kontm™ and (right) D - K2K* K~ to maximise statistical sensitivity
15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 9
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vy combination (1fb)

* Combine observables from different analyses using a frequentist approach
* More precise than averaging because different measurements are more sensitive

to different parameters

* Assume almost Gaussian observables and Gaussian systematic uncertainties

* |nclude external constraints

Analysis m Parameters

B* - Dh*, D - hh GLW/ADS (1fb1) 13

B% > Dh%*, D - KOhh GGSZ (1fbY) 4
B* - Dh*, D - K3 ADS (1fb) 7

D-mm
Y, 7'B ’ 53 78,05, R cabs Tkm Ok, Acp
D->KK
Acp ™", Xp, Vb

Vi

K <K
yr TB ’ SB

K QK ,.m ST
Y, T, 6B gy 6BI Rcabl Tk3m, 61(37'[' Kk3m,
XD, YD

CLEO D® - Km, D° — K3rm 9
HFAG charm system CP violation 2
LHCb charm mixing 3

15/08/2013

Xp, Ypr Ok Ok3mr Kk3m Tk Tk3m)
B(Km), B(K3m)

AD—>TL'TL' AD—>KK

Xp, ¥Ypr Okms Tk

Daniel Craik, DPF 2013, Santa Cruz 10
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v combination (1fb)

* First y measurement to account for D° mixing
* First combination to include BT —» Drr*

* Good agreement with B factory results arXiv:1305:2050
e Uncertainties comparable to B factory results
g 3
g ] DK (purple)
- L. |\ ~-VY ] | 1 Drt (green)

DK & D1t (orange)

10!

BaBar

y = (69710)°

102 & Phys. Rev. D 87, 052015 (2013)

Belle
y = (68%13)°

arXiv:1301.2033

10—3 tf.f‘ L i *
0 20 40 60 80 100 120 140 160 180

Y [°]
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GGSZ update: 2fb~ !

>\.0.3_I LI | | | 1T 11 I L L LI I_
- LHCb Preliminary | ] x, =(—87+31+1.6+0.6)x 1072
0.2FLdr=201b" B S x_=(534+32409409)x 1072
B 9 ] y+=(014+36+14+19)x107?
0.1F - y-=(994364+224+16)x 1072
0:___ ‘ ] where the uncertainties are statistical,
E w systematic and due to the strong phase
20.1F : I 1 measurements used in the fit respectively.
I ' | ]
u | i
- . = (57 +16)°
-0.2__ B+ i . 4 ( _ )
- | ] rg = (8.8%53) x 1072
N T I B R B B
03 -02 01 0 01 02 03 §p = (124133)°

X LHCb-CONF-2013-004

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 12
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‘GGSZ update: 1fb~! - 3fb~ 1

Mhmo-m_”" ] Mm016_'"|"'I"'I"'I"'I"'"'I"'I"'_
0.14F LHCb - 0.14 [ }E,CE i
0.12[ - 0.12 & =

0.1F - 0.1 —
0.08] - 0.08 - -
0.06F = 0.06 |- =
0.04E __/Ifb'B-DKGGSZ ] 004 F [ sm'BoDKGGSZ -
B | ] 1fb' B5DK GLW/ADS ° L [ ] 1fo" BDK GLW/ADS ]
& ey O e e 0 Bty Bt I a1 T |0 i 0 B Covv v v v v v b v v b v b v v b b by 1
0.0207720 20 60 80 100 120 140 160 180 0.025"50""20 60 80 100 120 140 160 180
(0] [e]
} Y [°] Y [°]
Q B ] . . .
o0 LHCb 1« First LHCb y analysis to benefit from 2012 data
- . e Results significantly improved
: | * Bestymeasurement from a single experiment
n 1 ¢ Other 3fbt analyses to follow

o

053530 60 s0 00T T4 160 T%0 y = (67 £ 12)° LHCb-CONF-2013-006
Y[

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 13
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B(s) = DKm

« B% > DK*r™ has potential for a future measurement of y
— Interference of b —» c and b — u amplitudes of a similar magnitude

— LHCb has already made measurements of B® - DK*Y (GLW on 1fb! of data)
JHEP 1302 (2013) 067

— Dalitz plot analysis of B® - DK*n~ will offer increased sensitivity to y

« BY - DYK~m* branching fraction not previously measured
— B9 - DMOK~g* may form an important background to the B® mode

* First step towards a measurement of y is to measure both
branching fractions

u . b u
d d” B 4 d

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 14
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Mass fits

Normalisation mode (D)

Signal mode

& 2400F 1 T T T T T T — & F 1 T L I B
S 3 3 % 700 =
= 200 LHCb § > ¢ LHCb -
= - « Data E = 600F « D =
1800 F 4 = - ata :
S 1600 — Full fit E — Full fit E
1400 F} 0 B signal 5§ = 200E -~ B% signal E
@ 1200 {0 e Comb. bkg. 4 2 N F oy e BY signal .
—§ 1000 - -~ Part. reco. bkg. _§ 300 o Comb. bkg. =
5 800F A, D 1 5 | - B 5Dk :
2 o0k 1 g0 NG
< 400F ERRR 3
200 e’ 3 o R ]
0 :,, AT TR IR L 0.t st . O TP 170 <7 Teiatirtiatl TEERE F0T W "
5200 5300 5400 5500 5600 5200 5300 5400 5500 5600
m(Drr) [MeV/c?] m(DK ) [MeV/c?]
Fits to (Km) prrmr and (Km) p K mass distributions Yields
from 1fb?! of data B° - DOK*m7—: 815+55
By - D°K~w*: 2391 +81
Phys. Rev. D 87, 112009 (2013) B° - D%z*tm~: 8558 +134

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 15
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Dalitz plOtS Phys. Rev. D 87, 112009 (2013)

f:,T‘ _‘..L_""I""""\""I'_ %26_#];1: 3
> °F > 24f ntﬁg E
| 18 3
[ I5p 7 L6k ]
> | T 14f )
s 10F 12f ;
i 10 3
[ 8E " :
5'_‘|....|....\....\..".'E:n|.n' S S I R £ - e 6|||1
5 10 15 20 25 5 10 15 20 5 10 15 20 25
mX (D) [GeV/c2P m2 (D7) [GeV/c2] mXD°r) [GeV/c2P
Efficiency corrected, sWeighted Dalitz plots of:
(a) BY - D%r*m~ showing p°(770), f,(1270), and resonances;
(b) B® - D°K*m~ showing K*Y(892) and D, (2460) resonances;
(c) B - DYK~m™* showing and D5 (2573) resonances.

No amplitude analysis has been performed at this stage.
Quantitative studies of the contents of these Dalitz plots and a measurement of y will be
the subject of future papers.

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 16
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Results
* Uncertainties dominated by the “m

normalisation channel branching Trigger 1.0% 1.0%
fraction, the fit model and limited D** veto <0.1% 1.0%
knowledge of f;/f4 D% veto 20%  0.2%

D¥ veto 0.2% 0.5%

* First observation of BS0 — DOK—rt at Simulation statistics 2.0% 2.0%
>100 significa nce Modelling of efficiency 3.4% 3.1%
Particle identification 1.0% 1.0%

* New world best measurement of Fit model 5.0% 2.1%
B° —» D°K*m~ branching fraction £/f, 7.8%
Total 6.8% 9.0%

Phys. Rev. D 87, 112009 (2013)

Branching fraction Expected

B(B® -» D°K*n™) (9.0+ 0.6 +0.6 +0.9) x 10~° (88+1.7) x 107>
B(B) -» D°K~n*)  (1.00 £ 0.04 + 0.09 + 0.10) x 1073 0(1073)

Uncertainties are statistical, systematic and due to the B® — D% 1™ branching fraction respectively
15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 17
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Summary

* First y measurement to use 3fb!

— Combination with 1fb'* B* - DK™ GLW/ADS results gives
y = (67 +12)°

— Best single experiment y measurement
— Expect more 3fb* measurements to follow
 Future y measurement possible from B® - D°K*r~

— New world best measurement of BY - D°K*n~ branching
fraction

— First observation of BY —» D°K~r* at >100 significance

— Other channels also available to improve the precision of
LHCb y measurements (e.g. B - DfK*, Bt - DK*n*n™)

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 18
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Backup

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 19
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The LHCb Detector

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz
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The LHCb Detector
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Recorded Luminosity

= 2.5 T T T T ¥ T

i

= 2012: 4 +4 TeV 2012

T R R Delivered Luminosity 2.21 fb'

@ o Recorded Luminosity 2.08 fb’’ W

[4h] 2011: 3.5+ 3.5 TeV o

> | ] e Delivered Luminosity 1.21 fb™ -

- Recorded Luminosity 1.10 fb’ ;.-"r y
L 2010: 3.5+ 3.5 TeV _ et

1.5 meen Delivered Luminosity 0.04 fb"  f---------r---oo0s : -
= Recorded Luminosity 0.04 fb A

2 =S N 2011
£ :

= | -

-

_I IIIIIIIIIIIIIIII -
o

o 05F -
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o i
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£ o0 '
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Kaon/pion separation

* Most particle identification information comes from the Ring
Imaging Cherenkov detectors.

* Three different radiators provide separation over a wide
momentum range.

cosf = —

pn

a 1_4 [~ ' 2 T T T T T T T T T T T T T T T T g 220
S o 1 LHCb O O ALLK-7)>0 g .
©  (s=7TeV Data ® m ALLK-n)>5 %” 180
= = c -
w 1 E “’szf"‘w’mw~m‘ < 160
ae SN laaas SSUN 2 —{140
0 8 '?L T 0%‘("%‘)( .2 3 #
: : = ¥ : —{120
g ;5 | 100
z k! P
© $ —{80
60
0.2 ° | 40
20
0.01 5 L L L L Lol L l L L L A A - l 0
20 40 60 80 100 10* 10°
Momentum (MeV/c) Momentum (MeV/c)
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Ks reconstruction

« K2 candidates separated based on where they decayed.
 Around 70% of reconstructible K decay downstream of the VELO.
« K2 that decay downstream of the first tracking station are not

usable.
Magnet
T1-T3
1T .
VELO long K
> < not usable
P P
downstream K2

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 24
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% vy combination formalism

Likelihood defined as:
L(a) =

lfi (A?bs &)
where the index i denotes the input measurements and
1 - > - T _ - > -
f; o< exp (—5 (4@ — 42°) vt (Ai@) - A?bs))

S
where A; is a vector of the observables, a is a vector of the
parameters and V; is the covariance matrix.

A

l

L(a) is maximised by minimising y%(&) = —21n L(&).

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 25
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% vy combination formalism

Confidence level for y = y, is calculated as follows:

* New minimum found @i, (Vo)

o Ax? = x*(Amin) — X°(@min) is calculated

* Pseudoexperiments, /Tj, are generated from L(c’f;nin)

* Ayx? is calculated for each pseudoexperiment

e 1 — CL is the fraction of pseudoexperiments that perform
worse than data (Ay? < Ay?')

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 26
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Entries / 15 MeV/c?

(o]
(=)

(o))
(=]

N
(=]

[
(=]

[\
(=3
(=

9
S

100

5
=

Yy combination inputs

GGSZ (1fb

=
s
&)
o
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~ Mis-ID

v
AL A ¥

‘ 5206 — 5400 5600 5800
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Phys Lett B 718 (2012), 43-55

15/08/2013
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L

— :
B:'—)(Kgﬂ"ir')u 7%t (b)
LongKg ]

Sum, incld. combinatorics -

4

5400 5600 5800
m[(K‘S’M‘)D 7] (MeV/c?)

TTTT T T

T U
I,
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L

|
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Downstream K'§

Sum, incld. combinatorics

N N R N R

5200

5400 5600 5800
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GGSZ (1fb?)

B’r (K°n+7r ) K+ B~ —>(K07l'+7l' ) K~
{3_' 3_ l_ >\.-:""I'"'I""l""l""l"":
N; L L ok LHCb : E
© I Tt T B ]
Qo C A ]
cal [ 0.1 EE sl N .
= 2_— 2-— o //{"’"L \] 3
- - OF—F+ & i B
- - L ( L2F ]
[ [ 0.F 1 Seomo ]
I I ¢ ]
D o2 B : 3
P (N T TR TR T N R SR S S | PRI R TR Y | ‘l- 03 llllllllllll :|||x||||||||||
! 2 . : 2 3 D3 02 01 0 01 02 03
m? (GeV~/c*) m?2 (GeV</c%) X
(;g _|"'|"‘|"'|"'|"_;{: [T 1T~ 1~ T 1T ] sEr:10.25_v--‘|--"|-"'|‘- o < T |\\
[}
~ r 4 ~ r 4 o N 4
T1sf © 1 T1gf @ - LHCb 12 s00f LHOD Q \
5 [ 4 8 L 0.2 - o, 4 % I\ \\ :
16 1 Thef . F FY I 2 S ANy ‘
g [ 1 8 [ OASF" o~ ™ 7/ N T " 200p AN Y ]
14f 1 14} ] ] N ] [ N N ]
[ : 0.1 NS i \ N
I i [ ] 100+ \ ]
1.2} 1 12} ] o8t ] I AN N
L - . - ke \\ ~
1+ - 1~ T L | | | i 0 o | ] \\ |
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Phys Lett B 718 (2012), 43-55
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THE UNIVERSTTY ‘OF

% y combination inputs WARWICK
GGSZ (1fb)
x, =(—103+45+1.8+1.4)x 1074

x_ =(00+524+08+23)x 107
y. = (—09+ 3.7+ 0.8+ 3.0) x 1072

y_ =(2.7+52+

0.8 +

2.3) X 10772

Uncertainties are statistical, systematic and due to the strong phase measurements used in the fit

respectively

Phys Lett B 718 (2012), 43-55

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz
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y combination inputs WARWICK
2 body GLW/ADS (1fb1)
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y combination inputs WARWICK
2 body GLW/ADS (1fb1)
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THE UNIVERSTTY ‘OF

% y combination inputs WARWICK
2 body GLW/ADS (1fb1)

RK/n = 0.0774 £ 0.0012 £+ 0.0018

RK/n = 0.0773 £ 0.0030 £ 0.0018
K/n = 0.0803 £ 0.0056 £ 0.0017

AKT = —0.0001 + 0.0036 + 0.0095
AK” = 0.0044 + 0.0144 + 0.0174
A’,§K = —0.020 + 0.009 + 0.012
AKK = 0.148 + 0.037 + 0.010
AT = —0.001 + 0.017 + 0.010

T = 0.135 + 0.066 + 0.010
Ry = 0.0073 + 0.0023 + 0.0004
R} = 0.0232 + 0.0034 + 0.0007
R; = 0.00469 + 0.00038 + 0.00008
R = 0.00352 + 0.00033 + 0.00007

Phys Lett B 712 (2012), 203-212

Uncertainties are statistical and systematic respectively

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 32
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y combination inputs WARWICK
4 body ADS (1fb™)
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% y combination inputs WARWICK
4 body ADS (1fb™)

% LHCb } LHCb _
= ‘ }
E
;: B o[ K'n'n] K~ i } B ="K n'n] K |
o l | l | - T A H. ”‘l : HH -l | i
LHCb —
! B o[n*K n'n] x :
wg_ﬂ.._;_.__.__.-_-__________
5400 5600 5800

m(Dh™) [MeV/c2)

Phys Lett B 723 (2013), 44-53

15/08/2013 Daniel Craik, DPF 2013, Santa Cruz 34



THE UNIVERSTTY ‘OF

% y combination inputs WARWICK
4 body ADS (1fb™)

Riim = 0.0765 + 0.0017 £ 0.0026

AX3T = —0.006 + 0.005 + 0.010
AR3™ = —0.026 + 0.020 + 0.018
RK3” = 0.0071 + 0.0034 + 0.0008

RK3” = 0.0155
R,fﬁ” = 0.00400 +

- 0.00052 -

Phys Lett B 723 (2013), 44-53

15/08/2013 Daniel Craik,

+ 0.0042 +

0.0010
+ 0.00011

DPF 2013, Santa Cruz

RX3™ = 0.00316 + 0.00046 +

- 0.00011

Uncertainties are statistical and systematic respectively
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% y combination inputs WARWICK
GGSZ (2fb™1)

x, =(—87+31+16+0.6) x 1072

x_ =(5.3+
vy = (0.1 %

_32_
_36_

y_ = (9.9 +

_09_
_14_

+ 0.9) X
+ 1.9) X

- 3.6 &

2.2 +

1.6) X

1072
1072
1072

Uncertainties are statistical, systematic and due to the strong phase measurements used in the fit

respectively

LHCb-CONF-2013-004

15/08/2013

Daniel Craik, DPF 2013, Santa Cruz
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